General Considerations. All chemicals and were purchased from Sigma Aldrich and used without further purification. All chemical reactions were performed in a nitrogen environment using standard Schlenk techniques.
in AC tapping mode and equipped with Bruker TESPA V2 tips. Samples for AFM were prepared on Si/SiO2 substrates; 5 drops of the dispersion were added to NMP using a glass dropper pipette, the samples were spin coated using an osilla spin coater at 6000 rpm for 60 seconds. These were then rinsed using 5 ml IPA and 5 ml deionised water and were then dried in a vacuum oven at 50 °C before analysis.
Synthesis of [Pb(S 2 CNEt 2 ) 2 ]
(1). Sodium diethyl dithiocarbamate (5.0 g, 0.02 mol) in methanol (150 mL) was added drop-wise into a stirred solution (100 mL) of lead nitrate [Pb(NO 3 ) 2 ] (3.7 g, 0.01 mol) in methanol (100 mL). The reaction mixture was stirred at room temperature for another 30 minutes.
The resulting suspension was filtered and washed with methanol (150 ml) to obtain a white solid which was dried under vacuum (3.6 
Synthesis of Bulk Powders by Melt Thermolysis.
Melt reactions were performed by placing pre-mixed precursors at the appropriate stoichiometric ratios in a ceramic boat under a stream of argon (300 cm 3 min -1 ), in a Carbolite MTF 12/25/250 tube furnace which was then heated to 450 °C at a ramp rate of 20 °C min -1 and was held at this temperature for 1 hour before being cooled to room temperature to furnish the Pb x Sn 1-x S solid state products.
Liquid Phase Exfoliation. Pb 1-x Sn x S powders (120 mg, where x = 0.6, 0.8 and 1.0) were added to degassed NMP (5 mL). The suspension was ultrasonicated in an Elmasonic P bath operating at 37 kHz frequency and 30% power for 24 h. The bath was modified with water-cooling coil to maintain the water temperature below 30 °C. Upon completion of the exfoliation step, an aliquot (5 mL) was removed to a centrifuge tube and diluted with NMP (5 mL). The dispersions obtained were centrifugated at 1500 rpm using a Thermo Heraeus MultifugeX1 for 45 min to separate the exfoliated nanosheets from remaining bulk material. After centrifugation, the top two-thirds of the solution were collected and drop casted onto glass slides (ultrasonically cleaned in acetone prior to deposition) and the solvent evaporated at 60 °C on a hotplate. For AFM, the glass slides were replaced by Si@SiO 2 substrates.
Theoretical Calculations. Pb 1-x Sn x S crystals in monolayer, bilayer and bulk form were analysed with density functional theory (DFT) calculations using the Perdew-Burke-Ernzerhof (PBE) functional 1 and the Tkatchenko-Scheffler dispersion-interaction-correction scheme. 2 Band gaps were calculated with the Heyd-Scuseria-Ernzerhof-06 hybrid (HSE06) functional. 3, 4 For electronic structure analysis spinorbit interactions were taken into account. We employed the projector augmented wave method 5 and a plane-wave basis set with a cutoff energy of 259 eV (363 eV for cell optimizations), as implemented in VASP (Vienna Ab initio Simulation Package, version 5.4.4). 6, 7 The k-space integration was carried out with a Gaussian smearing method using an energy width of 0.05 eV. For the k-point sampling Γ-point-centred regular grids were used and the k-point density was converged such that total energy differences were smaller than 1 meV per atom. For compositions x = 0 or 1 calculations were done in the primitive unit cells shown in Fig. 1 of the main article and the k-meshes were 6×6×1 for monolayers and bilayers, 7×6×4 for orthorhombic bulk systems and 10×10×10 for cubic bulk systems.
For alloys (x ≠ 0 or 1) appropriate supercells were constructed (see Fig. S1 ) and the k-point meshes were reduced to achieve the same sampling density as for the primitive unit cells. Unit cells of monolayers and bilayers were built with 12 Å separation between replicates in the perpendicular direction to achieve negligible interaction. All systems were fully structurally optimized until all interatomic forces and stresses on the unit cell were below 0.01 eV Å −1 and 10 kbar, respectively. . For x=1 (SnS) the lattice anisotropy is ca. 8% for bulk but only 5% for a monolayer. This indicates that in SnS interlayer interactions lead to strong structural changes. For x=0.8 the lattice anisotropy is 4% and 2% for bulk and monolayers, respectively. This shows that alloying also induces strong structural changes. They are most pronounced for large x values. For small x the in-plane structure is almost isotropic, i.e., A≈B. This is consistent with the stronger ionic character of the bonding in PbS. While the lattice parameter A changes almost continuously as function of x, B changes the most for large x values and little otherwise. 
